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M~H~H HMnynbcH~H HCTQ4HHK HeHTpOHOB nepHOAH4eCKOrO AeHCTBHR 
peaKTOp H6P-2 / 1/ nOCTpOeH B na50paTOpHH HeHTpOHHOH ¢H3HKH 06De
AHHeHHOrO HHcTHTyra RAepH~X HCCneAOaaHHH B nyfiHe. PeaKTOp npeA
Ha3Ha4eH AnR HccneAosaHHH no reMaTHKe na60paropHH: RAepHaR $H
3HKa, ¢H3HKa ~OHAeHCHpOBaHH~X cpeA, MoneKynRpHan 6HonorHR, ¢H
3HKa 3neMeHTapH~X 4aCTH4 /¢YHAaMeHTanbH~e CBO~CTBa HeHTPOHa/, 
a TaK~e Ann peweHHR paaflH4Horo pOAa npHKnaAH~x aaAa4 c nOM~b~ 
HeH TpoHoB. 

PeaKTop~ THna H6P B nafioparopHH He~TpoHHOH ¢H3HKH HMe~T AflH
TenbHYO HCTOpH~. Xopowo H3secTHo, 4TO npoaeAeHHe cOBpeMeHH~x 
HaY4HWX HccneAoeaHHH Ha peaK Topax rpe5yer B~COKOH nnOTHOCTH HeHT
POHH~X norOKOS. n03TOMY He cnY4aHHO H3 60flbworo 4Hcna ~ccneAOBa
TenbCK~X peaKTopOB BWAenReTC R rpynna TaK Ha3weaeMwx B~COKonOT04
HWX a TOMHwx peaKTopOB C MaKC~ManbH~M nOTOKOM TennOB~x HeHTpOHOB 
_l OlSHeHTp./CM 2c /e CCCP 3TO peaKTOpw CM-2 ~ CTPOR~~HC R nHK, 
B CWA - BHFR, 80 ¢paH~~ H - HFR-ILL/ . 3T H peaKTOpw HMe~T 60nbWY~ 
Tennosy~ M~HOCTb 50- 100 HBT n pH MaKC~ManbHO AonycT~Mo~ YAenbHoH 
M~HOCTH . no MHorHM TeXHH4eCKHM H 3KOHOMH4eCKHM npH4~HaM TPYAHO 
paCC4 HTwBaTb Ha c~eCTaeHHoe nOBwweHHe nnOTHOCT ~ nOTOK a CTa~~o

Ha pHWX peaKTOpos. OAHaKo AnR WH pOKoro Knacca Hc cneAosaHHH Aanb 
HeH wee npOASH~eHHe B03MO*HO npH Hcnonb30aaHHH HMnynbcHwx ~CT04 

HHKOB nepHOAH4eCKoro AeHcT BHR B C04eTaHHH C MeTOAOM 8 peMeH~ npo
ne Ta . nepawH peaKTOp TaKoro pOAa, HMee WHH nepSOHa4aflbHO Many~ 
M~HOCT b, H6P-l, 6wn C03AaH B ~y6He no HHH ~HaTHBe ~.H . 6noxHH~e
sa . B AanbHeHweM OH 6wn peKOHCTpYHpoeaH B ~6P-30, KOTOPWH yc 
neWHO pa60TaeT AO CHX nop. no CSOHM na paMeTpaM H KOHCTPYK~HH 
peaKToP H6P-2 3Ha4HTenbHO OTnH4aeTCR OT csoero npeAweCTBeHHH-
Ka ~6P-30. 

OnWT pa60Tw nOKa3an , 4TO Ha YCTaHOBKe TaKoro THna MoryT 
nnOAOTBOPHO pewaTbCR aaAa4H, C4HTaB~HeCR TpaAH~HOHHWMH AnR CTa
~HOHapHWX peaKTopOB. TaKoBw, Hanp~Mep, HeHTpoHHwe AH~paK~HoHHwe 
HccneAoaaHHR H npHMeHeHHR MeTOAa ManoyrnoBoro pacceRH~R . TeM 
60nee 3TO OTHOCHTCA K HccneAOBaHHRM ynpyroro H Heynpyroro pac
ceRHHR MeAneHHWX HeHTPQHoB H HeHTpoHHWM cneKTpOCKonH4eCKHM HC
cneAoaaHHRM RAep. n pH 3TOM HcnOflb30BaHHe HMnynbcHoro peaKTopa 
Ha 6WCTPWX HeHTpoHax B C04eTaHHH C MeTOAoM BpeMeHH nponeTa aHa 
4~TenbHO paCWHpHeT AHanaaOH AocTynHOH AflH 3KcnepHMeHTa 06naCT~ 
MeAneHH~X HeHTpoHoe. 

On~T pa6oT~ peaKTopa H6P nOKaaan, 4TO cneAyeT conOCTaanRTb 
~MnYflbcH~H nOTOK TaKoro peaKTopa c o CTa~~OHapH~M B 06~4HOM pe
aKTope . np~ HX paeeHCTee npO~3aOAHTenbHOCTb 3Kc nepHMeHTanbHoH 
anna paTYPW Ha B~BeAeHHWX H3 penKTopa nY4Kax OKaa~BaeTCH np~Mep
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HO OAII1HaKOBO~. T aK, miP-30 npH cpeAHe~ M~HOCTH 20 KBT n o ceOHM 

B03MO*HOCTRM 3KBHBaneHTeH Hc cneAoeaTenbCKHM peaKTopaM MeraeaTT

HOH M~HOCTH. n OHHMaHHe 3To ro 6~no 3anomeHO B npoeKTHpOBaHHH 

peaKTopa ~G P -2 . npH cpeAHeH M~HOCTH HeCKonbKO Me r aeaTT HMn ynbc
H~H nOTOK AonmeH AocTHraTb 10 6HeHTp.lcM2c, T.e . c~ec T BeHHo 
npeBocxoAHT b AOCTH*HMoe B CTa~HOHapH~X peaKTopax. npH 3TOM Ma 

naR no cpaeHeHH~ c e~COKonOT04H~MH peaKTopaMH CpCAHAR M~HOCTb 

YCTpaHReT MHorHe TeXHonorH4eCKHe TPYAHOCTH 101 npe*Ae Bcc ro 

6~cTpoe B~ropaHHe AAepHoro rop~4ero. 

OmH pa60T~ peaKTopOB ~6P n pHBen K W)o1POKOMY nOIlHMilHHK) npeH
Myw,eCTB J.1MnYIlbCH~X HCT04H&.1KOB He TOI1bKO AnR HeHTpOIIHOI1 cneKTpo 

CKomH1 RAep , HO 101 AllJ=l ij)H3HKJ.1 KOHAeHCHpoaaHHblX CPCA · OTCIOAa B03

HHKHOBeHHe pRAa npoeKTOB MOlt.IH~X HMnynbcHbix HCT0411HKOO Ita 6a3e 

YCKOpIl1TeJ1eH, KOTopble OCYlqeCTBnJ=lIOTCR B HacTomqoo (}I)(!MA DO MHo r lo1X 

CTpaHax . 
nOAP06Hoe OnYlCaHHe peaKTopa ~6P-2 6b1Jlo l.\ ':UtO n I1I)CMC II HX ny6m1

Kal..l'1J=1X, HanpHMep / l / . 3Aecb M~ orpaHH4101MCR nlo1Wb +<I).lTtH1M llanOMH 

HaHHeM OCHOBHblX KOHCTPYKTHBH~X peweHIo1H. 
AKTIo1BHaR 30Ha ~6P-2 3arpY>KeHa TonlU100 M 1013 AuyOtH1CH nJ1yToHHR 

06u4eH MaCCOH OK0J10 90 Kr. TOnJ1HBHble CTCPMCttl-1 QX!1.HK/l.lorCR HaTpHeM 

C TeMnepaTYPoH Ha BxoAe 30Q o C. CY1CTCMil OXIl,lH(j.\l'tuHI nnYXKOHTYPHaR, 

AByxneTJ1eaaR C paCXOAOM HaTpHR 4epe3 .)KTHUtiyO :JOlly 100 M 3/ 4 . 

PeaKTop OKPY)t(eH BOARHblMH 3aMeAfHHcnRMH t1CHTpOItClO ICM.pHc. 11, 
KOTopble I jnpocMaTPHBalOTc~j I 14-10 rOp"130ItTl)l1b~lblMH K,llhUl,)MH . ABa 

3aMeAmHenR - I rpe6eH4aTble" - HMCOT pa3DHTYO C.U~·THu'ylOc. n nOBepx

HOCTb, (bOpM(l K()l'OPOI1 n03BonAeT 

B 2-4 pelaa nOObll.Hlb flOTOK Ten 

110BblX IICHTPOIiOil yHHIKI1. 

14MnYJ1bc MOO4110C1H C!lopM/.1pyeTcJ=I 

C n OMQUlblO MOAYJUllnp.l IW.lKTl-1BHO

CT/.1 IMPI - OC~tOUIiO I 0 flOAOH)f(HO r O 
OTpa>KaTenR 1-IC~TPOlttHl IOnD/, 
CKOPOCTb epaIqCII"1J1 KOf'opO ro 

1500 06./M~H/2/.1I"CTO'" eJleAOBa
HHR HMnyllbcoB MCilR01ClI AHCKpeT 

HO C nOMDW,blO AOnOIlt'tl1T(!J1bHoro 

nOABIo1)!(HOrO OTpa)!(aTCnR InnO/, no 

KOR~erOCJ=I Hn/.1 Bpa~a~crOCR 

C MeHbwe~ CKOpOCTb~. B nocnCAHCM 
cnY4ae Io1MnYJ1bC p a3BY1BaCTCR TOJlb

KO B Te MOMeHT~ BpeMeHH, KOrAl) 

06a OT pa)!(aTen~ OKa3b1BaCTCR e611H

3101 aKTHBHOH 30HbI. HIo1)!(e np/.180

ARTCA Hal-16011ee c~eCTBeHH~e pe

3ynbTaTbI,n0J1Y4eHH~e no epeMR 
3HepreTH4eCKoro nYCKa,H AaeTCA 

onHcaHHe ij)1013H4ecKHX 3KcnepHMeH

TOB,KOTopble BeAYTCR B HaCTOR~ee 

epeMR Ha nY4Kax H6P-2.
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PHC . I . npHII~HrIHaJlbHaR cxeMa 

peaKTopa IIEP- 2. 

1. HtlnYllbCllblE XAPAKTEPIICTIIK~1 PEAKTOPA 

B 1982 r . peaKTOp H6P-2 AOC T~r cpeAHe_ M~HOCTH 2 MBT npH 
CKOPOCT H n OABH)!(HOrO OTpaMCaTenJ=l 1500 06./MHH H 4aC TOTe cneAoeaHIo1R 

BcnblweK 25 r~ , 4 TO COOTseTcTsyeT HMnYl1bcHo~ M~HOCTH 270 HBT. 

OCHOBHOH 4aCTOTHblH pe~HM peaKTopa 5 r~ oc~eCTBneH Ha 3 TOM 

YPOBHe c p eAHeH MOlU,HOCTIo1 B 1984 r . ; nHKOBaR MOIqHOC Tb AOCTHrna 

3 Ha" e H~R 1350 MBT /CM. TaGJl .l /. 

Ta6nH"a 

OCHOBHNe xapaKTepHCTHKH peaKTopa HBP-2, AOCTHrHYTble 

K HaCTOR~eMY BpeMeHH 

JIapaMeTp 3Ha~eHHe n apaMeTpa 

CpeAHRR. TennODaR MOIJ\HOCTb 2 MBT 

MO~HOCTb B HMnynbce 1350 MBT 

II n onymupHHa" l.fHnynbca HOII\1I0CTH 230 MKC 

MOII\HOCTb "€bolla" 0,1 llBT 

"nOJlYJDHPHHa" HMnynbca TennOBblX 


HeHTpoHoB B nnOCKOM 3aHe,wtHTene 240 MKC 

ITnOTHOCTb nOTOKa TennOD~X HeHTpoHoB: 


Ha nOBepXHOCTH nnOCKoro 

3 aMeAnHTenR, cpeAHRR no a p e MeHH 5. 10 1 2 He"Tp./ CM 2c 
TO )ICe, nHKOBoe 3J1a'lelllo1e 4. 10 1SHenTp./ CM2c 

Ha noaepXHOCTH "rpe6eH'l3TOrOfi 

3a.MeAJIHTenR. /.:)Q¢eKTHB1l0e nHK OBoe 
3Hal.JeHHe/ I a16 neHTp • / CM 2c 

npHMel.J31-lHe: norpelDUOCTb ou;elloK nOTOKOB COCTaBJlReT 20%. 

3HepreTH4eCKH~ nYCK H6P - 2 npOBOAHJ1CR C MOAH~H~HpoBaHH~M MO

Ay n RTopOM peaKTHBHoCTH, KOTOP~~ OTl1H4aJ1CR OT MOAynRTopa, OnY1CaH
Ho ro B pa60Te /3 /, KOHCTpYK ~ He~ AononHHTenbHoro nOABIo1*Horo OTpa 

)t(aTenR . 3TO 6~J10 CAenaHO B ~enRX COKpa~eHHR AJ1HTenbHOCTH HM

n yllbca M~HOCTH peaK Topa . KaK H3BeCTHO, AI1HTenbHOCT b HMnynbca 

M~HOCTH peaKTopa onpeAenReTcn cneAy~HM KOMnneKCOM e r o n apa 
He r pOB : 

6 _ ('/av 2) 1/3. /1/ 

r Ae a - K03~H~HeHT napa60n~, onHc~Ba~eH H3MeHe HHe p eaKTHBHO


CTH npH ABH*eHHH OCHOBHoro nOA BH)!(HOrO oTpa *aTe nR lonol a6n H3H 

Ha Kc HMYMa p eaKTHBHoCTH; T - c p e AHee a p eMR ~H3HH MrHO B eHH~X He HT 


p OHo a B p e aK Top e; V - CKOPOC Tb a n a OT HOCHTe nbHO aKTHB HOH 30HbI . 


Bo Bp eMR ~H3H4ecKoro nYC Ka 6~J1o B~Rc HeHo, 4TO Be n H4 HHa a, Re n R
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RCb n o cy~eCTBY xapaKTe p~C T ~KO~ OCHOB Ho r o nOA BHmHoro OTpa~aTenR , 

3aMeTHO 3aBHC ~T OT reOMeTpH~ Ao no nHHTenb Ho r o nOABH*Horo oT pa~a
Te flR. 

3aMe Ha n e pBOHa 4anbHor o BapHa HTa Ano /6epHnnHeB~H 6 nOK/ Ha 
CTan b HOH AnO B BHAe T pe3y6~a IO H nOKa3aH Ha n epeAHeM nn aHe 
p~c. l 1 n0 3 BonHna B 3 pa3a YBenH4~T b a. Ha Ta6n .2 BHAHO, 4 TO 
C y4eToM cOKpa~e HHR r f3a C4eT Aon oflHHTe n bHoH 3 Kpa HH pOBKH a K
THBHOH aOH~ OT BHeWHHX 3aMeAflH TeneHI 3TO AaeT 4 - Kpa TH~H B~H r p~w 
B eenH4HHe OTHoweHHR rIa , ~ TO paBHOCHflb HO COKpa~eHH~ AnHTe n b HO
CTH Bcn~WKH B 1,6 paaa , T.e. AO 140 MKC BMeC TO 220 , HMeBWHXCR 
npe~e. OAHaKo nonY4eHH~~ e~Hrp~w 6~n YTpa 4eH B CBR3H C n e pe XOAOM 
Ha nOHHme H HY~ CKOPOCTb B pa~eHHA MP 1500 06 . / MHH H B HaC TOR~ee 
epeMR An HTen b HOCTb Bcn~WK H 6~C T P~X HeHTPOHOB paSHa 23 0±5 MKC . 

Ta6nHu,a 2 

AmiTenhHocTb HMIIynb ca MOm,HOCTI1 WHI AOYX D3pH a liTOD MP MBP-2 

BapHaHT MP a , IO-4 
rpa;:(-2 T . HC 

OJ MKC 

v = 1500 v : 3000 

iJ,J10 - Be /6no K/ 1, 00~0,02 80+ 10 360 • 220+5 

iJ,J10 - Fe 
/ Tpe 9y6eu.l 3 , 00~0 ,06 63+4 230+5 140 • 

*Pac~eTHaR o~eHKa. 

60n ee KopOTKaR Bcn~WKa M~HOC TH Mo*eT 6~Tb nonY4eHa n pH Hc n Oflb
30Ba HHH MOAyn RTopa peaKTH BHOCTH B BHAe ASYX peweTOK, Bpa~a~HXCA 

HaBc Tpe4 Y APyr APyry/4/ . 3Kcn epHMeHTan b Ho YCTaHooneHo, 4 TO Ta KoH 
MOAyn RTop o6ec n e 4 HT Afl HTeJl b HOCTb HMnynbca MOI.J.I HOCTIII OKOJ10 130 MKC 
n pH CKOPOC TIII B pa~eHIIIR pOTOpOB 1500 06./MHH / 5/ . 

~3MepeHHaR ~opMa HMny~bca M~HOCTH H6P-2 6nH3Ka K rayccoBo H 
~ AJlR cy~ecTBy~ero eapHaHTa MP npaKTH4eCKH He 3aBHCIIIT OT 4 aC TOT 
Horo pe~IIIMa pa60T~ peaKTopa . OTHoweHHe aMnnHTYA~ HMnynbca K MO~

HOCTH rr$OHa r., T.e. MoutHOCTH, B~AemteMOH Me>KAY OCHOBH~MH Io1Mnynb 
caMIo1, paBHO 1,3 .1 0 4 . Ha pHc.2 nOKa3a Ha H3MepeHHaR KapTIIIHa pac
npeAen eHHR MOI.J.IHOCTH peaKTopa BO BpeMeHIo1 3a OAHH n epHOA cneAosa
HHR HMny~bCOS B pe~HMe 5 r 4. ljeT~pe AOnOnHI-1Te~bH~X HMny.flbca-ca
Ten~Io1Ta 06ycnoBJleH~ npOXO~AeHHeM ono MHMO aKTI-1BHO H 30H~ B MOMeH 
T~ BpeMeHIII , KorAa Ana He HaXOAHTCR B HenocpeACTBeHHO~ 6~~30CTIII 
OT peaKTopa. 

~Mnynbc T ennOB~X He~TPOHoe $opM~pyeTcR B pe3ynbTaTe 3aMeAneH~R 
6~CTP~X HeHTpOHoB B cnoe BOARHoro aaMeAnHTenR, oKpy*a~ero aK
T\.18HylO 30HY peaKTopa. )1mHenbHocTb HMnYl1bca npH6~1II3lHeIlbHo 
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PHC. 2. Pacnpep;e.neIDle MOLlI,HOC TH 3aw 
OAKH nepHOA cneAOBaHHR HMnynbcoB 
B p e»GlMe 5 fl..( . Cpe,c;HRR M01l\110CTb 
peaKTopa - I MBT . 

67 ) 

r 

-

" 
50 

-J 
'-

-
,,,,, 

-

- j 

0 4eHHBa e TCR no ¢ o pMyne: 

0.3 
t. t = j02 +t.t 2 • /2/o 

r Ae At a - AJH1TenbHOCTb Io1Mn ynbca
0.2 

TennOB~X He~TpoHOB, B03HHKa~lIIx 

OT Mr Ho BeHHoH eCnbll!.lKH 6bI C T P~X Hei1T 
POHOB /np" 0 = 0/ . AMn""TYAa no 

0.1 TOKa TennOB~X HeHTpoHoB ¢ Mome T 
6~T b on peAene Ha npH 3 TOM 4epe3 OT 
Howe Hllle c peAHero no e pe MeHIII nOTOKa 

o ¢ K An HTenbHoc TH HMn yn bc a 6 t.100 150 
napaMeTpbI ~ 6P - 2 Ka K III CT04 HIo1 Ka 

MeAneHH~x He~ TpoHoB nplII Be AeHbI 
B Ta6n. l . 3Aecb HeofixoAHM O oTMeTHTb , 4 TO AaHH~e 0 nOTOKax Ten 
nOB~X HeH TpOHoB AnR ~6P-2 OC HO B~BaOTC R Ha 3Kcne p HMe HTan bHo M 3Ha
4 e HIII III c peAHeH n o BpeMeHIII nnOTHOCTIII nOTOKa TennOBbiX HeH TpOHoe ¢ 
Ha nOBepxHoc TH n nOCKo r o 3aMeAnHTen R, KOTopoe OKa3 a n OC b B 2 pa3a 
s~we paC4eT Hor o 3 Ha 4 e HIII R H pa SHO 2, 5· 1012 Hei1 Tp . / CM 2c Ha 1 HBT 
MOI.J.IHOC TH. 

2 . C)lJ1YKTYAl1~H MOU(I!OCTH PEAKTOPA H APy nlX nAPAM ETP08 

YYBCTB~ T enb Hoc T b HM ny n bcHoro nepHOAH4eCKor o peaKTopa K SHew
HIIIM B03My~eHHRM pe aKTIIIBHOCT H o n peAenReTCR He Aone~ 3ana3A~Ba~~x 
HeHTpOHOB ,e3~¢I., KaK B 06~4HOM peaKTope, a TaK Ha3~BaeMoH II\.1M
nYJlbC Hoii AoneH 3an a3A~BalClt.i.\Hx HeHTpOHoe" {3 u. KOTopaR 60nee 4 eM 
Ha nop~~OK MeHbwe {33¢$ . TaK AnR 116P-2 eeIllll4101Ha {Jill paSHa 
1,6·10 K:>QQ. B pelK"Me 5 c- t "2. 10-4 K:>QQ. B pe"'"Me 25 Cl . 
n03TOMY B ~eJlOM Bonpoc 0 ~nYKTya~III.AX AnA HMnynbcHoro peaKTopa 
Tpe6ye T nOB~illeHHoro BHHMaHHR. 

npH OTHOCHTellbHO B~COKHX YPOBHRX cpeAHeH M~HOCTH, KorAa 
CToXaCHIQecKHMJ.1 ¢I~YKTya 4J.1RM H MO>KHO npeHe6pe4b, OCHOBHOH BK~aA 

B c~Y4a~Hwe OTKnOHeHHR aMnIlIIITYA~ HMnYllbcOB QT cpeAHero 3Ha4eHHR 
BHOCRT BH6pa4101H MOAynRTopa peaKTHBHocn1 1'1 41JlYKTyall.HH napaMeTpOB 
TenJlOHOCHTeJlR. ¢nYKTya~HH na paMeTpOB APyrVlx TexHollorH4ecKHx 
CVlCTeM HeeeJlHKH : HX CYMMapH~H sKllaA S peaKTHBHOCTb He npeB~waeT

- 6 
2· 10 K3$C)l. 

H3MepeHHwe 3Ha4eHHR ~JlYKTya~HH M~HOCTH ~6P - 2 aHa4HTenbHO 
HH)I(e n peAeJlb HO AonYCTj.1M~X. B 060HX 4aCTOTHbiX pe*Io1Max pa50Tbi pe
aK Topa, 5 H 25 r~ , OT HOCHTenbHble CTaHA~pTH~e OTKJ10HeHHR aMnflH
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PHc.4. CneKTpN $nYKTya~H aMflnH 5 D.10·2 


TYAbl HMnynbcoB MOm;HOCTH S w 
 6.00 
(KBT 2/rt() , n Onepe'llHblX Konefialrnii 

0110 So ( MM 2/ f l\ ) " 1U1O So 
3.0, 

( MM 2/ ru). f - l{aCTOTa B repuax, 

CP~rlRH MOm;HOCTb peaKTopa - ~ 


I MBT, pacx op; HaTpH.fl - 80 M 3/'4.. 
 -2 

TYA~ ~MnynbcoB - OKono 2% npH HOM~HanbHOM pa c xoAe TennOHOC ~TenR. 
n p~ YMeHbwe HHH pacx oAa ypoeeHb ~nYKTya ~ HH HeC KOflbKO C HH~a eTCR. 
C yeenH4eHHeM cpeAHeH M~HOCTH 3aMe4eH cna6~H poe T ~nYKTya~HH 
Bcn~weK. - OT 1.5% np" 0,5 11BT AO 2% np" 2 HBT. 

¢nYK Tya4HH pacxoAa HaTpHR He n peB~wa~T 0, 5% H cocpeAOT04eH~ 
rnaBH~M 06pa 30M B 06nac TH HH 3 KHX 4aC TOT /HHme 1 , 6 r 4/ . Kone6a
HHR TeMnepaTYp~ Ha TpHR Ha BXOAe B peaKTOp 6nH3 KH K 6enoMY WYMY 
co C TaHAa pT H~M oTKfloHeHHeM, paBH~M O, l°C Ha M~HOCTH 1 MBT, 
H npHBoART K ctJnYKTya4HHM peaKTVlBHOC TI-1 Ha YPOBHe _ 2 . 10 -6 K 3¢J¢/ . 
npH5nH3V1TenbHO TaKHe *e ¢JnYKTya4HVI peaKTH BHOC TH B~ 3WBa~TC R 
\.1 Kone5aHHRMH paCXOAa HaT PHR, npHyeM BenH4HHa ¢JnYK Tya 4 \.1~ n paK
TH 4 eCKH He 3aSHC HT OT YPOBHR M~HOCTH pea KTopa . nOcneAHee 06bRc 
HReTcR TeM, 4 TO n p H OTKDOHeHHH paCXOAa OT HOMHHanbHoro 3Ha 4e HHR 
Go = 10 0 M3/4 /CM. pHc . 3/ CYMMa 4HCTO r HA POAHHaMVl4eCKoro 3ctJ$eK 
Ta peaKTVlB HOCTH /OH npeAC TaBneH HH*He~ KP Vl BO~ Ha pHc.3/ H COOT
BeTc TBy~~ero TeMnepaTypHoro 3~eKTa OCTaeTCH n o cToRH HOH Ha Bcex 
YPOBHRX M~HOC TVI, nOCKon bKY HaKnOH KP HB WX OA HH aKOB n pH 60nbwHx 
pac xoAax, T. e. npH 'G = Go c n paBeAJ1H BO pae eHCTBO 

2e.. + le.. E. const • /3/ao aT ao 

rAe p - peaKTHBHOCTb, T - nOAorpeB HaTpHR B aKTHBHo~ 30He, 
a nOCTORHHaR He aaBHCHT OT MDU.\HOCTH H paBHa - 5 · 10 -6 K3¢I$./ 
(M3. 4 - 1)/. no Mepe yaenH4eHJ.1R M~HOCTH ponb BToporo cnaraeMoro 
B /3 / eCTeCTBe HHO B03p~CTqeT, HO POJ1b rHAPOA~HaMH4eCKoro K03$ 
¢/J.1 4V1 eHTa peaKTHBHOCTH ap/ ac YMeHbwaeTCR BCIleAcTBHe YBem14eHHfI 
~eCTKOCTH aKTHBHO~ 30H~ Vl3-3a HCKpHBIleHVlR TonnHBH~X KacceT. 

HaH60nee nonHO H3Y4anVlCb \.1 npoAon~a~T Vl3Y4aTbCR y~e B npo 
4ecce 3KcnnyaTa4HH peaKTopa ¢lnYKTya~HH, CBR3aHH~e C MOAYIlATOPOM 
peaKTH8HOCTH ~ 6P -2. Ha PHc.4 npeACTaaneH c neKTp M~HOC TH peaK TO
pa ~ cneKTp~ nonepe4 H~X Mexa HH4eCKHX Kone6aHH~ OCH08 Ho r o H AO
n on HHTenbHoro nOABHmH~X oTpa*aTeneH, H3MepeH H~e 8 4aC TOTHOM pe 
~HMe 5 r 4 Ha M~HOC TH 1 MBT B 1983 r . Bce TPH cneKT pa HMe~T RP KO 
B~pa~eHHYIO peaOHaHC HYJO CTPYKTyPY . PeaOHaHCH~e nHKH , OTMe4eHH~e 

Ha pHcyHKe ~H¢paMH /HenocpeAcTseHHo H3MepeHHaR 4aCTOTa 8 r ep~ax/s 
HAeHTVI$H~HpOBaH~ cneAY~HM ofipa30M: peaOHaHC 0 , 8 r4 06ycIloaneH 
BH6pa4HRMH Ana C 4aCTOTOH OKono 84 r 4, pe30HaHC 1,62 r4 B~38aH 
fionee HH3KOH c06cTBeHHoH 4aCTOTOH KonefiaHHH nno, pa8Ho~ 33 r ~, 

H HeaHa4HTenbH~MH 6HeHHRMH C 4a CTOTOH 16 ,4 r4 8 n epeAaTo4H~X 
38eHbRX KHHeMaTH4 eCKOH cxeM~ '1P . nOA pe30HaHC H~~ n HK 1 ,72 r4 
MacKHpyeTcR 4aCTOTa co6cT8eHH~x KonefiaHHH n o naCTH a na , pa8HaR 
npH6n H3HTen bHo 51 r ~ . 

C~ecTBeHH~x H3MeHeHHH CTa THCTH4eCKHX napaMe TpOB Kone5aHHH 
POTOPOS HP H ¢nYKTya4~H M~HOCTH peaKTopa aa speMR 3HepreTH4e
CKoro nycKa 06Hapy*eHo He 5~no, XOTR $fllQeHC 6~C T P~X He~TpoHoB 

Ha n onaCTH a n a yme AOCTHr 2· 1 020HeHTp.lcM~. no AaHH~M nocneAHHX 
Vl3MepeHHH nonepe4H~e Kon e6a HHR n o naCTeH nOA8H~H~X OTpamaTen eH 
8 cpeAHeM /C TaMAapTH~e OTKn OHeHHR/ COCTaBIl fllOT 0,005 MM AnR ana 
H 0,03 MM AnR An a . CooTBeTc T BYIO~ He ¢nY KTya4HH pea KT HBHOCTH AOflm
Hbi 6~Tb paSHbi 2,2.1 0 -6 Kaq,xp. VI 3.10 -6 K3C!>¢! . , OAHaKO CYMMap 
HblH BKnaA one VI Ana B peaKTH8 HOC Tb , corn aCHO 0 4 eHKe no H3Mepe
HHRM WyMOB M~HOCTH, COCTaBnReT -2 . 10~ K3¢¢. 3TO 06DRcHReTcR 
TeM , 4TO npo~eccbI Kone6aHVlH POTOPOB ana H Ana KoppenHp08aHbI, 
T . K. npH BCTpe4e OHH CMe~aIOTC R B pa3Hble CTOPOHbI. 

B pemHMe 5 r 4 8pa~a1OTCR 06a nOA8H~HblX OTpa * a TeJ1 R , npH4eM 
y ron ~ Me*AY ana H An a 8 MOM e HT HX BC Tpe4H MO)l(eT MeHRTbC R co 
speMeHeM H TeM caM~M Bn HRTb Henoc peACT8eH HO Ha pea KTH8HOCTb 
VI AflHTeJ1 bHOC Tb 8cnWWKH Ill, nOCK OJ1bKY napaMeTp a 3a 8 HCHT OT OT
HOCH TenbHor o pac nonome HHR OTpa*a Tefle~ . B pa604Hx YC J1 08HRX yron ~ 
¢ nYKTYHpy e T C 4aCTOTOH 0 , 62 r4 H C TaHAapTH~M OT Kn OHeHHeM - 0 , 16°. 
TaKHe ¢nY KTya 4HH n pa KTH 4 eCKH He Bn VlRIO T Ha peaKTHs HOC Tb . ¢nYK 
Tya~"'H1 Afl Vl Te Ilb HOCTH BcnblWKIo1 Ta K)!( e Ma nbl H 3a KnlO4e H~ B npeAe11ax 
OT 0 AO 3 MKC 8 a a BHCHMOCT H OT AeHCTBHT en b Ho ro aHa 4 e HHR cpeAHero 
yrna paCCHHx pOHH3a4HH , KOTopoe Ha XOAHTCR 8611V1 3 \.1 cP = ° ICM. 
p~c . 5/. 
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 PHc.5. 3aBHCHMOCTb Jl,J1H'renbHo


CTH BCIIblIllKH MOU{HO CTH () 1 / 2 /MKc/ 

OT yrna ¢J paCCHHxpouHs au,HH 
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3 _ 3<M>EKTbI PEAKH1BHOCTH H CTA6HDbHOCTb PEAKTOPA 

np"" ~3Y4eH\o1"" MoutHOCTH~X 3¢l¢leKToB peaKH1BHOc.TH HenacpeACTBeH

H~X H3MepeH""~ nepeAaT04HOH ¢YHK~"""" peaKTopa He npOBOA/.IInOCb.B OC
HQBHOM /.IIccneAOeanHCb nepexOAH~e np04ecc~ M~HOCT"" nocne CKa4Ka 
peaKTHBHoCTH B pa3nH4H~X pe*""Max pa60T~ peaKTopa . YcraHoaneHO? 
4TO np"" paCXOAe HarpHR 60nee 40 M3/4 peaKTOp ~6P-2 YCTO~4""B Ha 
Bcex ypOBHRX M~HOCTH. THn""4H~H x a pa KTep /.113MeHeH/.IIR M~HOCT"" BO 

BpeMeH /.II nocne Ha4anbHoro B03M~eHHR peaKTHBHOCT H nOKa3aH Ha 
D/.IIc.6 AnR Manoro epeMeH/.II Ha6n~AeH""R . H3 pHcyHKa xopOWO BHAHO 
AeHcTB/.IIe 5~CTPOH H ADCTaTQ4HO rny6oKOH oTpH4aTe11bHoH o6paTHoH 
C8~3H. npH speMeHH Ha611~AeHH~ nop~AKa 4aCOB CTaHOBHTCR 3aMeTH~M 
AeHcTB~e 04eHb MeA11eHHoH n onomHTenbHOH o6paTHoH CB~3H. 

6~cTpaR COCTaB11A~a~ M~HOCTHoro K03$¢H~HeHTa pea KTHBHOCTH 
/MKP/ C nOCTORHHOH BpeMeHH OKono 10 C - OTpH~aTenbHa H paBHa 

npH6nH3HTenbHO -1 ,4 . 10-3 K3~ / 
W L l HBT /6/. 3Ta KOMnOHeHTS MKP, 06yc

2S0 . ...... _ nOBneHHaR, rnSBHblM ofipa30M , pac

~HpeHHeM TB31108, npH611H3HTenbHO 
,,'I I ".. cornacyeTcR C npoeKTHblMH paC4eTaMH 

H HrpaeT OCHOBHY~ ponb B o6ecne:::/. / ..s·+/V+'·~:~j 4eHHH 6e30naCHOCTH H YCTOH4HBOCTH 
peaKTopa. HeO)KHAaHHblM OKa3a110Cb 
HanH4He MeAneHHO~ nonO~HTel1bHOH 
KOMnOHeHT~ MKP, C nOCTORHHOH Bpe 

",(- I 
'" ~'----;----~:---_f._--~ o 10 15 MeHH OKono 90 MHH, KOTopaR no 

a6CO~THOH BeJ1H4HHe COBnaAaeTp 
0.12 /e npeAenax OWH6oK H3MepeHHR H 06

pa60TKH AaHHblx/ C oTpH4aTenbHoH0.10, 
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P H C . 6 . IIepexoAHWe npo~eCCbl MQll{" ., HOCTH W /OTHocH T.e,D../ H nOIlHOH 
peaKTHBHOCTH p / /1,OnH f3}1 /, Bb13

" . 
'.', 

BaHHble BBeAeHHeM peaJ(THBHOCTH 

0,28/3}1 sa npmm 1,5 c • 

COCTaBnR~eH H 06bRcHReTcR MeAneHH~MH nepeMe~eHHRMH CTa~HOHapH~X 
oTpa~aTeneH B pe3ynbTsTe HX pa30rpe Ba. KpoMe Toro, Ha6n~AaeTcR 
OTpH4aTel1bHaR KOMnOHeHTa MKP C 04eHb 6011bWOH nOCTORHHOH BpeMeHH 
/noPRAKa CYTOK/, npeACTasneHHe ° KOTOPOH MO~HO nonY4HTb H3 pHc.7. 
npHpoAa nocneAHeH cocTaBnR~eH, CKopee Bcero , KaK-TQ CB~3aHa 
c Harpe BOM 3a~HTbI peaKTopa. 

PHc .7. H3MeHeHHe 3 anaca peaKT"B

HOCTH P / AO!(H {3 3<j>¢ .1 BO 
BpeMeml t /lJ./ nocne BbIBOAa 
peaKTop a Ha MO~HOCTb 1 UBT 
/a MOMeHT t: 3 lJ./. 

p 
, A 

• I-..., 
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o » u • « M n ~ • _ ~ ~ _. 

KaK y~e OTMe 4anOCb, npH paCXOAe Tenl1OHOCHTenA 60nee 40 M3/4 

peaKTOp lot6P- 2 6e3yc110BHO YCTOHI.H1B. npH MaIlbix pacxOAa x B03MQ):<eH 
pe*HM caMoeo36y~a~HxcR Kone6aHHH M~HOCTH c nepHOAOM nopRAKa 
1 MHH, HMe~HH xapaKTep aSToKoIle6aHHH. OAHaKo aMnnHTYAa H 4aCTO
Ta 3THX K0l1e6aHH~ 3aBHCRT OT YPOBH~ M~HOCTH TaKHM ofipa30M, 4TO 
HX B03HHKHoeeHHe B03MO*HO nHWb npH HH3KOH M~HOCTH /MeHee 
400 KBT/. B 3TOM Y3KOM AHana30He paCXOAOB H M~HocTe~ 6~cTpaR 
KOMnOHeHTa MKP "pac~enl1AeTcRII Ha ABe COCTaBl1R~He, oAHa H3 KO
TOPblX HMeeT nonO~HTenbHblH K03~H~HeHT peaKTHBHOCTH, BenH4HHa 
KOToporo 06paTHo nponoP4HoHa11bHa paCXOAY HaTpHR H YPOBH~ M~HO

CTH. 
nOXO~HH xapaKTep nonO*HTenbHOH 06paTHoH CBR3H fibln ofiHapy)[(e H 

paHee B peaKTope 6P-5 /7 / .KOHCTPYK~HR aKTHBHOH 30Hb! KOToporo RBH
naCb npOTOTHnOM A11R ~6P-2. 

B XOAe nycK08b!X 3KcnepHMeHTOB H3y4anHcb H APyrHe 3$$eKTbI pe
aKTHBHOCTH . H30TepMH4eCKHH KO~H4HeHT peaKTHSHQCTH QKa3anCR 

paSH".., - 10-5 ~./°C 1{3 34><!>. = 2,165.10-3 K34><!>.I. 0 r"APOA"
HaMH4eCKOM 3~eKTe ynoMHHanOCb Bb/we. OH, KaK BHAHO H3 pHc.3, 
OTpH4aTeneH H 06ycnoBneH nepeMe~eHHeM TonnHBHblX KacceT nOA B03
AeHcTBHeM nOTOKa TennOHOCHTe11R . 

6apoMeTpH4ecKHH 3~eKT. pea KTHBHOCTH , B03HHKa~HH H3-3a Ha
11H4HR ra30BblX ny3b1pbKOB B TennOHOCHTene, Ha peaKTope H6P-2 He 

06Hapy~eH . 
3~eKT Cl1HBa SOAb! H3 BHeWHHX 3aM~l1HTeneH peaKTopa npHBOAHT , 

KdK OKa3anOCb, K YBenH4eHH~ pe aKTHBHOCTH. CYMMapH~H 3~eKT cnHBa 
BOAbl AnA Bcex 3aMeAnHTeneH paae H 1 13 3 $$. H 06"'bI1CHReTCR nonaAa-
HHeM B aKTHBHyO 30HY 6b1CTPblX H pe30HaHCHbiX HeHTpOHOB H3 TennOBOH 
H 6HonorH4eCKOH 3a~HTbI peaKTopa; npH HanH4HH SOAb! 3TH HeHTpOHbI 
3aMeA11AOTCR H 3aAep~HBaOTCR B norn~a~HX 3KpaHax, OTAenR~~HX 
aKTHBHy~ 30HY OT 3aMeAnHTeneH. 
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4. PA60TA CHCTEM PEAKTO PA 

K MOMeH TY Han ~caH~R 3TO~ C Ta T b~ peaKTOp H6P-2 Ha pa6 0 Ta n 
170 MBTo CYT. ; B~ ropa H ~ e RAepHoro Tonn~Ba COC T aB~flO -0 , 2%. TaKO~ 
He6oflbwoH on~T 3Kcnnya Ta~~ ~ peaKTopa y~e n0 3BOflReT, OA HaKO, ro
BOP~Tb 0 HaAe*HOCT~ C ~CTeM peaKTopa. npemAe acero, He06xoAHMO 
OTMeTHTb, 4TQ no HaTpHeaoH CH CTeMe QXfla*AeHH R aKTHBHOH 30H~ He 

6~no OTMe4eHO HH OAHor o cnY4aR OTKa3a HflH nonOMKH B ne pHOA 3He p 
reTH4eCKoro nYCKa. rna SHoe BHHMaHHe 6~no 06pa~eHo Ha pa60TY CHC
TeM~ oxna~eHHR B aBapHHH~x ycnoBHRX. no npoeKTy npeAYCMOT pe HQ 
nOAKn~4eH He ~HpKynR 4HoHH~X HaCOCOB K HaAe mHOMY, aaTOHQMHOMY HC
T04HHKy nHTaHHR B cnY4ae 06ecTo4eHHR 3AaHHR; nocne c6poca a sa
PHHHOH 3a~H T~ B Te4eHHe ne pB~X 1-2 MHH ocy~ec TBnReTCR npHHYA~
TenbHoe pacxonam~BaH~e a KT ~B Ho~ 30H~ c nOHHmeHH~M paCXOAOM,a aa
TeM - aa c~eT eCTeC T BeHHO~ ~HpKynR4HH HaTp HR c paCXOAOM ~epe3 
aKTHBHY~ aOHY OT 2 AO 5 M3/~. n poBepK a Ta KO~ cxeM~ pacxona~HBa 
HHR nOKaaana, ~ T O OXnamAeHHe aKTHBHO~ aOH~ B no6~x cny~aRx n po 
HCXOAHT YAoe n e TBopHTenbHO, H HeCTa4HOHapH~e T eMnepaTypH~e Ha
npRmeHHR B Kopnyce peaKTopa H Tpy6onpoBoAax B nepeXOAH~X pemH 
Max OCTaOTCR B npeAenax AonYCTHM~X 3Ha~eHHH . 

OAHa H3 BamHe~wHx CHCTeM H6P-2 - nOABHmH~~ OTpamaTen b - cHa6
meH AaT4HKaMH, nOCTORHHO cneAR~HMH aa Kon e6aHHRMH POTOPOB, y pos 
HeM BH6pa4HH onop H TeXHonorH4eCKHMH napaMeTpaMH OCHOB H~X ya n oa 
KOHC TPYK4HH. nOMHMO WTaT HOH CH C TeM~ KOHTpon R npOBoAH TCR nepHOAH
4ecKHH aHanH3 COC TORHHR nOABHmHoro OTpamaTenR CTa THCTH4eCKHMH 
MeTOAaMH, KOTop~e xapaKTepH 3Y~TCR B~COKOH 4Y BC TBHT enbHOC T b~ 

H 60flbWHM 06~eMOM nony~aeMoH H HQOPMa ~HH. 3a 60n ee ~ eM AsyxneT
HHH nepHOA pa60T~ peaKTopa Ha M~HOCTH 1- 2 MBT cy~ecTBeHH~X 

oTKnoHeHHH B $YHK4HOHHPOSBHHH nOABHmHoro OTpama TenR He Ha6n~
AanOCb . 

CY3 peaKTopa $YHK4HOHHpOBana HaAemHQ. 6~CTpOAeHCTBHe aaapH H
HOH 3a~HT~, npO BepeHHoe Ha pa 3nH~H~X YPOBHAX M~HOCTH, 6~no 
B npeAenax npoeKTH~x Tpe60aaHHH . OAHa KO Bc neACTBHe cnomHOCT H, 
Hac~eHHocTH 3T OH CHCTeM~ HMenHCb C60H B pa60Te , rnaBH~M o6pa
aOM , cBRaaHH~e C HeAOCTaT04HOH nOMex03a~H~eHHocTbO / CM. Ta6n.3/. 
npH4 HH~ OTKa30B nOCTeneHHO B~ABnRnHC b H yCTpaHRn HCb . 

Pa AHa4HOHHaR 06cTaHoeKa KaK B caMOM 3AaHHH pea KTopa , TaK 
H Ha oKpyma~eH MeCTHOCTH YAoen eTBopReT HopMaTH B H~M Tpe60eaHHRM 
paAHa4HOHHOH 6ea onaCHOCTH C 60n bWHM 3anaCOM no YPOBHO MO~HOCTH . 

5 . <l>H3H4ECKH E HC C IlEAOBAHH ~ HA nY4KAX 

B nepHOA 3HepreTH 4eC Kor o n YC Ka Ha peaKTope H6 P-2 nOMH MO n yc 
Koe~x 3Kcnep~MeHTOB napa nnenbHQ a e n HCb pafioT M no OC BoeH~~ He~T 

POHH~X nY4Koe: H aY4eH~e HX xapaK T e p~C T ~K . C03Aa HH e YCTa HOBOK, 
coeepweHCTBOBaHHe A03KOHTPOflR Ha nY4K ax, HaY4H~e HccneAOBaH~ n 

Ha y~e rOT OB~X YCTaHOBKax /cM.Ta6n . 4/. 
$~3H~eCK~e YCTaHOBKH pacnono~eH~ B Aay x 3KcnepHMeHTanbH~X 

aanax nn~aAb~ 30x60 H 2. AnR B~nonHeHH~ HaY4Ho~ nporpaMM~ Ha 
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ny4 Ka x peaKTo pa H6P-2 YCTaHOBneH PRA cneKTpOMeT pOB ynpyroro 
~ Heynpyroro pacceRHHfl He~TpoHoB. B HaCTOR~ee epe MA H3 14 ropH
30HTanb HblX nY4 KOB H5P -2 Ha 8 nY4 Kax /9 YCTaHoBoK/ ee-AYTCR HC
cneA08a HH R no $ H3HKe 3neMeHTapH~X ~aCTH4, KOHAeHCHpOBaHH~X cpeA 
~ pa AHo6 Honor HH; 4 nY4Ka HaXOARTCR e CT8AHH OCBoeHH R /nonY4eH~ 
B~BeAeHH~e nY~ K H , seAYTCA HanaA04 H~e pa6oT~/. 0 Aa n bH eHweM 
4 nY4Ka nna HHPyeTcR B~BeCTH 3a n peAen~ 3KcnepHMeHTan bHoro 3ana 
C ~enb~ nony~ eHHR n poneT H~X 6a3 60nee 30 M. 

nOAP06 H~e xapaKTepHC THK H C03AaHH~X c neK TpOMe TpOB npHBeAeH~ 
B pRA e ny6m1Ka~HH / 8,9/ . On peAene HHoe npe ACTa Bne HHe 06 3 KcnepH
MeHTa nb H~X ycnoBHRX Ha pea KTo pe H6P-2 VI CTa4HOHapHOM peaKTope 
MO~HO nonY4HTb , cpaBHHB c peAHHe nOTOKH HeHT pOHOB Ha HccneAyeMoM 
06pa3~e. Co noc TasneHHe 3THX nO TOKOB npoeeAe Ho B Ta 6n .5 /AaHH~e 
An R cneKTpOMeTpOB Ha BblCOKonOT04 HOM pea KTope HFR-ILL BaRT~ 
H3 /1 0/ / . 113 TaUI1 H4b1 BHAHO, 4TO , He CMOTPR Ha 30-KpaTHoe OTJl H4 He 
CpeAHl-1X MOIl.IHOCTel1. Mbl HMeeM a non He c onOCTa SIo1 Mble c peAHHe nOTOK H 
MOHoxpOMa T H 3HpoaaHH~X He HTpOH OB Ha MeC Te 06pa3~a; n pH 3TOM cne
Aye T ~MeTb B SHAY, 4TO YCTaHOBKH Ha H6P - 2 e~e He n onHOC T b~ on
THMH3~pOB aHbI. IICeKpeT Ir 

, nO.R C HR~HH npOHc xo*<QeHl-1e Ta Koro Kamy~e
r oc .R HeCOOT BeTCTB HR, 0 4e Hb n pOCT : B o6eHX c paBHHMblx c HTya 4HRx 
K nY 4KaM npeAb.RBnR~T C A n pHMe pHO OA HH H Te ~e Tpe6oBaH H.R Ka K no 
yrnoso~ paCXOAI-1MOCTH, TaK 101 no CT e neHH MOHoxpOMaTH3a4H H. OA Ha KO 
Ha CTa~1010HapHOM peaKTope MOHoxpOMaT H3a~lo1.R npoH3S0AHT CR nYTeM 
H3Bne~ eHH.A H3 I '6 e n aro' I ny4Ka Hei1TpoHoB 3aAaH HOH Ail HHbI BOJl H~ , 
a OC TanbHble HeHTpOHbI npH 3T OM He H c n onb3Y~TC R. Ha Io1Mnyn bcHoM 
pea KTop e MOHoxpOMa TH3a4HR n poHcxOAHT no BpeMe HH npone Ta, 6e 3 
Ka KHx-n H6 0 nO Te pb, H Bce HnH n04TH Bce HeH T pO H~ B nY 4Ke OKa 3bl
aa ~TCR non e3 HblMH. 

B HaC TO.R~HH MOMe HT Ha pa 3H bl X c TaAHRX Hc c n eAoaaHHR HaXOARTCR 
cneAY~~ H e 06DeKT~: 

a / no $ Ha HKe aMOp$H~X CHCTeM: CT PYKTy pHble HccneAoBaHHR CTe Kn o
BHAHblX MeTannoB , Hc cneAoa aHHR $a30 BblX nepeXOAOB B nepeoxna mAe H
HbiX / CT e KJlOaHA HbIX/ >KH AK HX KpHc Ta n n a x; 

5/ B 06nacTH MoneKyn .R pHOH 6 Hono r HH H C TPYKTYP~ pacTBopo S: 
HccneAOBaHHR CTPYKTYPbl pH6oc OM; I.1C CJ1 eAOBaH HR opH eHTa~HH nypny p
HblX Me M6paH B 3neKTpH4 e CK OM none , HccneAOa aHH .R r HApaTau,HH MeM6 
pa H, Hc cneAOB8HHR 3W$eK TOB C OK pa~e HH.R B HMMY Horno6ynHHax IgC. 
HC CJ1 e AOBaHHR C TPYKTYP~ rHApa Tau,HoH Ho H 06ono~KH non HMepOB B BOA
HblX pa c TBopax , Hccn e AoBa HHR CT PYKTypbl paCTBopOB C HnbH~X 3neKTpo
nH ToB; 

a / B 06nacTH Heyn pyro ro pacceRH HR: Hc cneAo sa HHR AHHaMHKH BO
AopOAa B HHKene, Hccn eAoBaHHR AHHaMHKH aAcop6HpoBaHHbix r aaos 
Ha nOBepXHOCT.AX lJ,eOnHTOB, Hccn eAo s aHHR 3neK Tpo HHOH CTPYKTYPbl 
peA K0 3eMen bH~X cnna a os; 

r / B o6nac TH np H KnaAH~X Hc cneAoBa HHH: HccneAosaHHe 3$~eKTOB 
6 Ho norH4ec Koro s03AeHCTBH.R HMnyn bcHoro pe~HMa o6ny~eH J.1 R ,n pOBe
AeHHe 3n e MeHT Horo a Han J.1 3a 3Kon o rH4eC K"'X H reonor H4e CK HX 06pa 3lJ,OB. 
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Ta6=a J 

K01lH 4 eCTB O Hellp e,o,BH;.T.e l-lHbIX CpaOaTblBaHHii aBapHl1HoH 3aJlUiTbI 

Ha peaK Tope WSP-2 Ii HX npH'llHHbI 

flpwrnHbl 	 r"AbI 

198 1 1982 1983 1984" 

I . 	 CY3: 
OTKa3b! B ::meK Tp oIfHOlt 
annapaTyp e 	 I 
OTKa3bJ KHII 	 5 
I-IaBo,ll,KH B 3neKTp oHHOfi 

annapaTyp e 	 13 17 2 

2 . 	 HeHcnpanHoc TH 

B 3neKTpH4eCKHX cxeMax 3 3 


J. 	HapyweHHfl 3neXTpo
CHaOlKeHHR 5 6 


4. 	OD1HOJUi nepCOHana 3 2 

5 . 	 flpH'U1Ha HeO,ll,JlO3Ha411a 2 

Cpe,ll,HRR npOAon~TenbHOCTb 

pafiOTb! peaKTop a M~y 

cpalSaTblBaHHRMH A3 B 43cax 16 42 83 380 

" Ha I MapTa 1984 r. 

Ta6J1Hu,a 4 

PafiOT3 peaKTopa H6P-2 33 nepHD,Il, 3HeprCTH4eCKoro nYCKa 

BpeMJI pa60Tbi H3 MOI1(J-IOCTH, B ~ 

rOA Bcero Ha B peICHMe B pe)l(liMe Ha ¢H3H4eCKHn 

MOI1(HOCTH 5 r" 25 r" :lKcnepHMeHT 

1981 132 34 98 

1982 1554 755 799 608 

1983 2588 2564 24 2315 

1984" 771 771 743 

B CYMME: 5045 4124 921 3666 
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P MC.S. HHTeHCHBHOCTb ManoyrnoBorO 

AH¢WY3HOrO p aCCeRHHR OT KBagpaTa 
nepep;3 HHorO HMnynhca p;nR paCTB O
p a 70S pH6ocOM oaKTepHH E.col i , 
BbTPanteHHblX Ha AeflTepHp oBaHHofl 
cpep;e, ypaBHHBalO~el1 nnOTHOC TH 

KorepeHTffihlX aMnnHTYA p a CCeRJIHR 

GenKOBofi Ii pHOOHYKneHHOBOH KOM
nOHeHT. 06beM oGpasQa 0,6 Mn , 
KOH~eHTpaU;HR pHGOCOM 2, 4+4 , BMr/Mn. 
BpeMR H3MepeHHH - 6 ~. llH~paMH 

0003HaQeHN KpHBhle, nanyqeHHhle np" 
napHaqHH H30TonHoro COCTaBa paCT
BopHTenH : 1 - 100% H 20 ; 2 
20% D 20 ; 3 - 60% D 20 ; 4 
40% D2 O . CrrnomHhle IDfHHH rHHb e

annpOKCHMa~R c p~yCOM HHep~HH 

94, 1+ 1, 0 ; 95 , 3+0 ,9 ; 94,7+ 1, 2; 
95,2~1, 0 X. n OCTORHCTBO p aAHyca 
MHep~M AOKa3~BaeT HeHTpoHHo- onTH 

qeCK~ OAHOPO,c;HOCTb Hccne,c;ye~x 

PHOOCOM. PaOOTa BwnonHeHa COBMeC T

n o C HHCTHTY1'OM 6enK<l AH CCCP. 

PMc . 9 . ]lH4lpaKl1.Ho l lHeift cneKTp OT 

nnOCKOC Teii (OO f) MQ HOKp HCTanna 

BaCol Tt 2Fea 01 9 / r eKca~eppHT TH 
na M n pH KOMHaTHOn H reJlHeSOH 

TeMnep a Ty p ax. n pH TeHnepaType 

4, 2 K Hap JIAY C H,c;ep HblMH p e¢neKca

MH Ha6n~Aa~Tcn MarHHT~e caTenflH

Tbl, YKa3blBaJOUtHe na cnHpanbHhlii 

xapaKTep MarHMTHOfl CTPYKTYPbJo¢ep 
pHTa C nepHOAoM CnHpanH _40 A. 

Pa3Mep o opa3u.a - 4 MM 3 , n p OAon

>:<J1Tenb HOCTb H3MepeHMI1 - 1 q. UH¢

paMH 0 0 0 3HaQe Hbl nOpR:,c;KH RAepHblX 
oTp~eHHn, 3HaK H + , - OTHOCRTCH 

K COOTBeTCTSYKlllViM MarHHTHblM ca 

TenJIHTaM. Pao oTa BbtnonHeHa COB

MeCTHO c HHCTHTYTOM ¢lH3HKH BbICO

KHX AasneHHH AH CCCP. 

PHc.l0 . Cn('J\'rp Ih' y upy l 'O I () lI ill'" , , 
MarHHTIIOI 'O PUClTHHIUI (l'l' 1I lIl' t ' l l '" 
MeTannHll C'CKO I 'P CO t'J\IIIIt'IIIIH PrA l g• -
H3M epellllhli'l 111'11 'I'l-'N III'p.t 'I' YPC 80 K. PrAl,I-I
l. 	 - nC'pCH .lll ll flU ·)J1('PI~ I1H U M:>B, 

r·eoKN - li ONel' Killll1JUl u peMlWlloro .' 
all':11I1I')[1'I'OP.:1, 1!Ulpll lIOr, 128 MKC. 

CnnOlllllan JlIlIIH fl - CBepTKa ceqe -
HHR pacceHHHfl Ha nepexo,c;ax MeJ!(

AY ypOBHflMH KpHCTannHqeCKorO -
3neKTpHQeCKorO nonR /K3IT/ c Q>YHK

l1.Heft pa3peweHHR cneKTpOMeTpa, 

non~eHHaR Ann Ha60pa napaMeTpOD -raMlinbTOIWaua K3IT, Hatmyql.IIHM 

o6pa90M OnHCbIBalO~X 3KCnepHMeH- .' .. .. .. I'CI /'Ie ,.,XII .:. 

TanbHble TO'lKH. O~pa3eu; - noJ'Di- - - " 
KpHcTann, Bec - 200 r. BpeMR H3MepeHHH - 4 \I . PaooTa BNnonHe Ha 

CQBMeCTHO C HHCTHTYTOM MeTannyprHH HM . BaiiKoBa All CCCP H YHHB ep

CHTeTOM r.ITeAnJ..J;Hra, r~. 

Ha p~c.8-10 npHBeAeH~ npHMep~ 3Kcne p~Me HTanb H~X pe3ynb TaToB, 
nonY4eHH~X Ha pa3n~4H~X c neK TpoMeTpax pea KTo pa ~6P-2. Oc060 Mom
HO oTMeT~Tb, 4TO B~COKaR ~HTeHC~BHOCTb He~TpoHH~X nY4KOS n03BO
n ReT ~cnonb30Ba T b B 3Kc nepHMeHTax no ynpyrOMY pacceRH~~ He~Tpo
HOB /p~c.8,9/ MHnnHrpaMMOB~e KonH4eCTBa o6pa3~oB. 

KaK BHAHO H3 n pHBeAeHH~X n pHMepOB, HccneAOBaHHR Ha peaKTope 
~5P-2 pa3BepHyn~cb y~e AOCTaT04HO WHpOKO. ~anbHe~wee OCBoeHHe 
B03MO~HOCTeH HMnynbcHoro peaK Topa n03BonHT npHcTynHTb K pa60Te 
HaA Ka4eCTBeHHO HOB~MH 3KcnepHMeHTaMH , Hcnonb3Y~HMH B 60nbWO~ 
Mepe Cne~H$HKY HMnynbcHoro peaKTopa - 6onbwy~ MrHOBeHHY~ nnOT
HOCTb He~TpoHoB. K 4Hcny TaKHX 3KcnepHMeHTOB OT HOCRTCR HccneAO
BaHHR KHHeTHKH $a30B~X nepeXOAOB B 3KCTpeMan bHO B~COKHX MarHHT
HblX nonRX, peanH3yeM~x c nOM~b~ HMnynbc H~x Ma rHHTOB, ~ccneAOBa

HHR caoHcTB HepaBHOBeCH~X a036Y*AeHHH 8 TBepA~x Tenax, ~ccneAO

BaHHR 6~CTPO npOTeKa~HX npo~ecCOB B 6HonorH4eCKHX 06beKTax 
/COKpa~eHHe M~W~ , TpaHcnopT HOHOS B MeM6paHax nOA B03AeHCTBHeM 
cBeToe~x HnH 3neKTpH4eCKHX cTHMynRTopOB/. 3TH HanpaBneHHR n04T~ 
HeAocTynH~ AnR 06~4H~X HccneAOBaTenbcKHX peaK TopOB H AonmH~ OT
Kp~Ba T b HOB~e o6naCTH np~MeHeH~A HeHTpOHOB B HaY4H~x ~ccneAOBa 

H~RX. Hnn~cTpa ~~e~ TaKHX HOB~X np~MeHeHHH HMnyn bcHoro HCT04H~Ka 
MorYT cnY~HTb B~nonHeHH~e Ha H5P-2 3Kc nepHMeHT~ no no~cKY aKCHO

aili lH - HOSOH He~TpanbHO~ ~aC T H~~, npeAcKa3~BaeMOH B HeKOTOp~X 
BapHaHTax Teop~~ 3neKTpocna6oro B3aHMOAeHc TBHR . AKC~OH~ MornH 6~ 
po~aTbCR npH 3aXBaTe HCHTPOHOB BOAOPOAOM Hn~ 60POM B 3a~HTe pe
aKTopa, npOXOAHTb 4epe3 3a~~TY n paKTH4eCKH 5e3 norn~eH~R H pe 
r HCTpHpOBaTbcfl no xapaKTepHOMY pacnaAY Ha ABa r aMMa-KsaHTa. HM
nynbcH~H pe~~M pa60T~ peaKTopa n03Bon ReT 3$$eKTHB HO B~AenRTb TaK~e 
pac naA~ H3 paBHOMepHoro no BpeMeHH ¢OHa KOCMH~eCKoro ~3nY4eHHR. 14 
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3KcnepHMeHT~, B~nOnHeHH~e Ha H6 P - 2 ~ OKa3an~C b B HeCKOn bKO pa3 
4YBC TBHTenb Hee a HanOrH4H~X 3Kc nepHMeHTOB no nO~CKY a Kc ~OHa Ha 
MOlItH~X 3He p r eTH4eC KHX peaKTopax ~ npaKTH4eCKH o npOBeprnH "CTaH
AapTHYIO" MOAe n b aKC ~OHa . 

B 3aKnlO4eHHe aBTOp~ CTaTbH XOTenH 6~ OTMeTHTb HCKnlQ4 HTenbHO 
Ba~HY~ ponb, KOTOPYO c~rpan A . H.6noxHH~eB, 6 e3BpeMeHHO yweAwH~ 
OT Hac HaKaHYHe 3HepreTH4eCKoro nYCKa H6P - 2, 8 Aene C03AaHHA 
3 Toro peaKTopa. MHoro TBop4eCKo~ HHH~HaTHB~ . 3Hep rHH, TPYAa 
BnO~HnH B 3HepreTH4eCKH~ nycK p e aKTopa COTPYAHHKH fla6op aTopHH 
HeHTpOHHO~ ~H3HKJ.1 OHRH H pRAa npeAnpHRTH~ CoaeTCKoro C~3a . Aa
TOp~ CTaTb H B~pa*a~T n pH3HaTen bHOC Tb BeA~J.1M 3Kcnep~MeHTaTopaM, 

npe AocTasHBwHM Ma TepHan~ n epB~X HccneAoaa H H~ Ha nY4Kax H6P-2 . 
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1I"'lIly J lh~· II" I ' O IH' I)lfO)(ltll CCKO ro peaKT opa HBP- 2 , npOBeAeHHblX Ha 

yptlll lUl )( cp t.!ll ti e u NO~1I0CTH AD 2 HBT. Ha KOTOpO(t OH B HaCTOfilltee 

UpCMH IIp m UIT B 3K c linyaT at.tHlO . IIpKBOAflTC.R AallHbJe 0 BaIHefiQJHx 

3Ke llnyaTau.HOHl thlX xapBKTepKCTHKax H nap a MeTpax pe<lKTOpa KaK 

HMnynbclJoro HCTO\lHKK a Hel1TpOHoa. 05C~aJQTCR pe9ynbTaTbJ nep
BblX ~H3H\leCJ<:HX 3J<:cnepHMeHToB Jla BblBeAeHHblx nyqKax HBP- 2. 

Pa50 Ta BblnOJuteHa B na60paTopHH HeJ1Tpo HHOH ~H3HKH OHffiL 

DpenpH1lT OI5'beAHHe.HHoro HHCTHTYTa lI.o.epHIIDC Hccne.o.OB8HKA . llYOHa 1984 

IIepeBOA aBTopou 

Ananyev V.D. et ,,1. PI3-81,-538 
IBR-2 Reactor St nr t-Up and the First Neutron 
Beam lnvest i r,at i ons 

The main expe riment al s tart-up characteristics of the 
repetitively pul sed fas t reac tor rBR-2 obtained for the mean 
power interval up to 2 nwt are discussed. The first scienti
f ic researches on ex tracted neutron beams are briefly desc
ribed. 

The i nvestigat i on has been performed at the Laboratory 
o f Neutron Phys i cs , JI NR. 
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